Introduction
Teriparatide (TPTD) is an osteogenic agent showing potent effects by increasing bone mineral density (BMD) and reducing the incidence of fracture. Therefore, it is clinically useful to treat osteoporosis in patients with high risk of fracture [1] .
The risk of developing vertebral fracture was lowered by 73% in subjects treated with once-weekly TPTD (W-TPTD) compared with placebo group, and by 78% in female subjects alone. However, in clinical setting, some patients have difficulty in continuing W-TPTD treatment for osteoporosis owing to various reasons, including necessity of once-weekly visit, high price of the drug, and high incidence of adverse drug reaction (ADR). In addition, only few reports have verified the clinical efficacy of W-TPTD.
The maximum approved duration of W-TPTD treatment is 24 months. Even in cases where W-TPTD administration is temporarily discontinued and then resumed, the total duration of administration must not exceed 24 months. Although sequential treatment requires caution, it is expected to be a potential treatment option for patients unable to complete long-term W-TPTD administration, taking advantage of the effect of W-TPTD in increasing BMD.
In the present study, we analyzed the pooled data in our hospital and examined the increase in BMD by W-TPTD to show its therapeutic effects in patients with osteoporosis receiving sequential treatment with W-TPTD and bone antiresorptive drug (bisphosphonate [BP] or elcatonin [EL] ). We also examined the clinical response obtained by both continuous W-TPTD alone and the sequential administration of W-TPTD þ bone antiresorptive drug (BP or EL) to report more practical clinical results for investigating the efficacy of the sequential treatment regimen and the safety of W-TPTD.
To examine the efficacy of sequential treatment, we analyzed the changes in BMD in the lumbar spine and femur neck by dual energy X-ray absorptiometry (DXA), bone turnover markers, hip structural analysis (HSA) [2, 3] , and trabecular bone score (TBS) [4] . As EL is indicated for pain in osteoporosis, the present study focused mainly on sequential treatment with BP.
Methods

Study design
The present study was designed as a single institution, retrospective study in Japan. We only included existing data in the analysis without collecting any new data. Therefore, we adopted an opt-out policy to use the existing data.
This study was conducted with the approval of the 2nd Institutional Review Board of Adachi Kyosai Hospital (September 28, 2017) (approval number: 2189). All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Study subjects
The target subjects were those who met all the following criteria: (to collect data from those receiving treatment for 18 months or longer at the start of the study) (2) Subjects previously untreated with teriparatide (to evaluate the effect of the drug precisely) (3) Subjects who were available to follow up data up to 18 months after the start of administration (to analyze subjects completing the sequential administration upon comparing differences in treatment regimens) 2) Safety assessment (rationale) Subjects meeting criteria (1) and (2) of efficacy assessment and receiving W-TPTD at least once (to include all patients who received W-TPTD to evaluate safety).
Treatments
We performed BMD measurement and bone turnover marker assay using DXA (QDR-4500, Hologic, Inc., Marlborough, MA, USA) approximately every 6 months in patients receiving treatment for osteoporosis, providing detailed explanation on the outcome of ongoing treatment to continue it. In patients receiving W-TPTD, we ensured their willingness to continue the treatment. When they indicated their strong intention to discontinue the drug, W-TPTD was switched to bone antiresorptive drug to continue treatment for osteoporosis. The drug of choice for patients expressing difficulty in scheduled visits was BP and for those without any problem in clinic visits but complaining of pain was EL. During BMD measurement 6 months after switching the regimen, we reconfirmed the patients' intention to continue the therapy and asked to resume treatment with W-TPTD.
We assigned subjects who received W-TPTD for 6 months or more into one of the following three groups: treatment with W-TPTD for 18 months (group TTT); sequential treatment with W-TPTD for 6 months and a BP agent, followed by treatment with W-TPTD again for 6 months (group TBT); and sequential treatment with W-TPTD for 6 months and EL for 6 months, followed by treatment with W-TPTD again for 6 months (group TET). after 6 and 18 months, and total hip BMD after 6, 12, and 18 months)
2) Changes in bone turnover markers (procollagen type I N-terminal propeptide (P1NP), type I collagen cross-linked N-telopeptide (NTX), and tartrate-resistant acid phosphatase-5b (TRACP-5b) after 6, 12, and 18 months)
3) Changes in HSA (outer diameter, cortical bone inner diameter, cortical bone thickness (CBT), cross-sectional area (CSA), section modules (SM), and buckling ratio (BR) in narrow neck of the femur, intertrochanteric region, and femoral shaft after 6, 12, and 18 months). Beck reported that the HSA method was introduced to extract geometric strength information from archived DXA scans acquired in large research studies.
4)
Changes in TBS (after 6, 12, and 18 months)
Safety assessments
ADRs occurred during 18 months of treatment with teriparatide (treatment-related adverse events)
Statistical analysis
Changes in each efficacy assessment from baseline were evaluated by paired t-test. However, because, too small number of patients were included in this study, we performed KolmogorovSmirnov test for each group and tested the normality. For items for which normality cannot be confirmed, we performed Wilcoxon signed rank test, respectively. For the analysis of each assessment, the data for a subject were included only if all the measured values until 18 months from treatment initiation were available. Continuous variables were shown as mean ± SD (standard deviation) and nominal scale as n (%). The 2-sided significance level was 5%. R software product (R Core Team, Vienna, Austria) was used for statistical analysis. Fig. 1 shows the participant flow. Among 104 subjects included for safety assessments in the study, 50 subjects dropped out. The remaining 54 subjects continued W-TPTD administration for more than 6 months. Among them, 42 subjects continuing the treatment until 18 months were included in the efficacy assessments. There were 15 subjects in group TBT, 19 patients in group TET, and 8 patients in group TTT. Table 1 presents demographic data of each group at baseline. All subjects received treatment with BP until immediately before the start of W-TPTD administration. The BP used in all cases was only minodronic acid. Fig. 2a shows the change in lumbar spine BMD per group at each time-point of measurement. The absolute value for test parameters is shown in Supplementary Table 1. The change in lumbar spine BMD in group TBT was 1.6% (P ¼ 0.023), 2.9% (P ¼ 0.001), and 4.4% (P < 0.001) after 6, 12, and 18 months, respectively. Significant increases were observed at all time-points compared to baseline. In group TET, change in lumbar spine BMD was 2.1% (P ¼ 0.001), 1.3% (P ¼ 0.066), and 3.0% (P ¼ 0.015) after 6, 12, and 18 months, respectively. There was no significant difference between baseline and 12 months; however, it increased significantly after 18 months. In contrast, no significant difference was observed in total hip BMD in all 3 groups from baseline to 18 months (Fig. 2b) . In group TBT, there was no significant difference between 6 and 12 months (P ¼ 0.153), as well as between 12 and 18 months (P ¼ 0.464). Fig. 3 shows the changes in bone turnover markers. A significant increase in P1NP and NTX was observed only after 6 months in group TBT compared to baseline. A significant increase from baseline was observed after 6, 12, and 18 months in group TET. A significant increase in TRACP-5b was observed in group TET after 12 months compared to baseline. However, a significant decrease in TRACP-5b was observed in group TBT after 12 months. Table 2 shows the changes in HSA. In group TBT, a significant decrease from baseline was observed in CBT, CSA, and SM at the narrow neck, and a significant increase was observed in BR. At intertrochanteric region, a significant increase was observed in CBT, CSA, and SM. No significant change was observed in femoral shaft. In addition, no significant change in TBS was observed in the 3 groups (Supplementary Table 2 ).
Results
Participant flow
Patients' characteristics
Bone mineral density
Bone turnover markers
Hip structural analyses
Safety
Fourteen ADRs (13.5%) were observed. The most commonly observed event was "feeling bad (5 events)" (Table 3) . Values are presented as mean ± standard deviation or number (%). TTT, treatment with once-weekly teriparatide (W-TPTD) for 18 months; TBT, sequential treatment of W-TPTD/bisphosphonates/W-TPTD, each for 6 months; TET, sequential treatment with W-TPTD for 6 months and EL for 6 months, followed by treatment with W-TPTD again for 6 months; BMI, body mass index; BMD, bone mineral density; TBS, trabecular bone score; P1NP, type I procollagen N-terminal propeptide; NTX, type I collagen cross-linked N-telopeptides; TRACP-5b, tartrate-resistant acid phosphatase-5b; BP, bisphosphonate; EL, elcatonin.
Discussion
In the present study, we analyzed the changes in BMD to evaluate the efficacy of sequential treatment with W-TPTD and antiresorptive therapy.
In groups TBT and TET, a significant increase in lumbar spine BMD was observed after 18 months, which is the time-point after the sequential administration of W-TPTD, compared to baseline. This result suggests that discontinuation of W-TPTD treatment once to switch to bone antiresorptive drug does not impair the therapeutic effect of subsequent treatment with W-TPTD on osteoporosis.
When the group treated with daily teriparatide for one year followed by BP administration for one year was compared with the group treated with combination therapy of BP and daily teriparatide for one year followed by BP administration for one year, lumbar spine BMD increased more in the former [5] . Black et al. [5] suggested that sequential treatment was more effective than simultaneous combination treatment.
In our present study, we included subjects who received W-TPTD for 6 months, followed by either BP or EL for 6 months, and W-TPTD again for 6 months. Although this is the first report to describe sequential treatment using W-TPTD and/or antiresorptive therapy in every 6 months period, our study demonstrates the usefulness of sequential treatment, including W-TPTD.
Porosity in cortical bone has been reported after administration of once-daily teriparatide [6e8]. In addition, when patients treated with bone antiresorptive drug switched to once-daily teriparatide, BMD in the femur or femoral neck decreased after 6 months [9] .
All the subjects included in our study were treated with BP before starting W-TPTD, i.e., the all patient at baseline switched the treatment from BP to W-TPTD. However, no significant decrease was observed in the rate of change in total hip BMD after 6 months in all groups. In group TBT, no significant decrease in total hip BMD was observed during 12e18 months even after switching from BP, which was used for 6e12 months.
Boonen et al. [10] reported that 2 years of teriparatide treatment were stratified by previous predominant antiresorptive treatment and BMD at the lumbar spine and hip was determined after 6, 12, 18, and 24 months. They showed that the administration of oncedaily teriparatide for 2 years followed by switching to BP resulted in a significant decrease in BMDs in the femur and femoral neck Fig. 2 . Changes in lumbar spine and total hip bone mineral density (BMD). TTT, treatment with once-weekly teriparatide (W-TPTD) for 18 months (18 M); TBT, sequential treatment of W-TPTD/bisphosphonates/W-TPTD, each for 6 months (6 M); TET, sequential treatment with W-TPTD for 6 months and EL for 6 months, followed by treatment with W-TPTD again for 6 months. 12 M, 12 months. *P < 0.05 vs. 0 month (0 M), paired t-test. Fig. 3 . Changes in bone turnover markers. No data in group TTT for NTX and TRACP-5b. TTT, treatment with once-weekly teriparatide (W-TPTD) for 18 months (18 M); TBT, sequential treatment of W-TPTD/bisphosphonates/W-TPTD, each for 6 months (6 M); TET, sequential treatment with W-TPTD for 6 months and EL for 6 months, followed by treatment with W-TPTD again for 6 months; P1NP, procollagen type I N-terminal propeptide; NTX, type I collagen cross-linked N-telopeptide; TRACP-5b, tartrate-resistant acid phosphatase-5b. 12 M, 12 months. *P < 0.05 vs. 0 month (0 M), paired t-test. after 6 months, although BMD in the lumbar spine increased. Moreover, Black et al. [5] reported that alendronate therapy after parathyroid hormone therapy led to significant increases in bone mineral density over 2 years. However, in our study, group TBT did not show any significant difference in total hip BMD during 6e12 months even after switching the regimen from W-TPTD to BP. This difference may be partly because of the different mechanisms of action between W-TPTD and once-daily teriparatide. Once-daily teriparatide has been reported to directly stimulate bone formation by bone remodeling and to increase spaces for remodeling [11] .
In contrast, W-TPTD did not promote porosity and enhance bone formation on the inner surface, but maintained the normal formation of cortical bone [12, 13] . These findings suggest the possible reasons why total hip BMD did not decrease even with sequential treatment using BP in our study. No significant change in TBS was observed in all treatment groups (Supplementary Table 2 ). This is probably because changes in TBS are not easily observed within a short period. Moreover, evaluation sensitivity to TBS is lower than that to BMD because the data are based on DXA. Senn et al. [14] reported that TBS increased 2 years after administration of daily teriparatide. Based on the above findings, it can be suggested that longer treatment duration is necessary to confirm significant improvements, because our study was completed at 18 months.
In our study, no change was observed in total hip BMD. In HSA, the intensity index significantly improved in the intertrochanteric region in group TBT (Table 2) ; however, the index decreased in narrow neck. Khoo et al. [15] reported that the coefficient of variation at the neck was larger than that at the intertrochanteric region, which provided better data with less variability. The improvement in intensity index for intertrochanteric region in group TBT suggested the effectiveness of BP used in the sequential treatment to improve the index for hip joint.
The changes in bone turnover markers decreased in group TBT from 6 to 12 months when the drug was switched to BP. Nevertheless, resuming the administration of W-TPTD increased the value of bone turnover marker. This finding supported the change in lumbar spine BMD. Because the measurement of markers in our study was at 6 months after switching the drug, the duration required to affect BMD could not be determined from the change in marker.
Although lumbar spine BMD in group TBT increased over time in our study, group TET showed a tendency to decrease during 6e12 months after switching to EL and again increased at 18 months when W-TPTD was resumed. Eastell et al. [16] showed that during the second year of treatment, lumbar spine BMD continued to increase significantly in the teriparatide group, did not change significantly in the raloxifene group. Patients receiving raloxifene in year 2 had no further change in spine BMD (change from baseline, 7.9%) from year 1 of teriparatide (change from baseline, 8.3%). Based on the results in group TET and the above reports, BP was considered a useful drug for sequential treatment with teriparatide.
The incidence of ADRs in our study was 13.5% (14 of 104 subjects), but no serious ADRs were observed. Fujita et al. [17] reported that the incidence of ADRs with W-TPTD (28.2 mg/dose) was 24.1%.
Although the doses and observation periods were different, the incidence of ADRs in our study did not exceed that in any of the existing reports.
There are certain limitations to this study. First, because this was a retrospective study evaluating efficacy in subjects who continued treatment for more than 6 months, the efficacy in subjects discontinuing the treatment within a short period was not discussed. Second, as the number of subjects in group TTT was small, we could not measure the markers and compare them. It was not large enough to assess the effects of treatment on the rate of fracture and our conclusions are based on changes in BMD. It is difficult to apply our results to other types of BPs, because minodronic acid was approved for use in Japan only for the treatment of osteoporosis.
Conclusions
For subjects having difficulty in continuing treatment with W-TPTD due to frequent visits, drug costs, or ADRs, and for those willing to effectually receive W-TPTD providing a limited treatment duration in their entire lives, sequential treatment with W-TPTD and bone antiresorptive drug is potentially a useful option for treating osteoporosis.
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